Abstract--Accidents on roads are one of the main causes of human loss and damages to property every day and anywhere that vehicles travel.
INTRODUCTION
Much research has been conducted under the umbrella of Intelligent Transportation Systems (ITS) on crash avoidance, traffic monitoring, and autonomous driving. Most research projects focus on how information should be transferred within the dynamic network of vehicles on the road. Such research projects have led to the emergence of two major paradigms, vehicle-to-vehicle (V2V) and vehicle-to infrastructure (V2I). In V2V, information such as the vehicle's location and speed is transferred between vehicles directly, over a wireless medium, typically by adding additional sensors to the vehicle that are integrated into an on-board system.
Additionally, the wireless communication protocol must ensure information security and driver privacy. In V2I, information is transferred between vehicles to roadside infrastructure that then either uses that information to perform calculations and communicate back to the sending vehicle or forwards it on to other vehicles for further processing.
Research also has focused on employing a hybrid approach by integrating V2V and V2I into one system. One major difference between V2I and V2V is that V2I is mainly developed, maintained, and operated by local or state government agencies, whereas V2V is integrated into a vehicle's on-board system which means it is developed by vehicle manufacturers and operated by end-users.
Collision avoidance is a main focus for both paradigms. A collision situation arises primarily because a driver is not able to perceive and react to the traffic reality on time. This is mainly due to difficulty in getting an instantaneous perception of the ever-changing traffic environment. Inaccurate perception can happen because of factors like angularity of the road, poor weather conditions, high speeds, or poor concentration.
In this article, we describe the concept of a navigation-to navigation (Nav2Nav) paradigm for crash avoidance at Nav2Nav relies on information typically available to navigation systems.
Intelligent Transportation Systems (ITS)
Vehicle Ad·hoc Networks (VANET) Fig. 1 . Relationships between Nav2Nav, V2V, and V2J. Figure 1 shows the relationship between ITS, Vehicle Ad hoc Networks (VANETs), V2V, and Nav2Nav, and V21. In particular, the figure highlights the differences between Nav2Nav and V2V. While somewhat similar to V2V, Nav2Nav: (a) does not require augmentation to current vehicle on-board systems, (b) could be portable between different vehicles, and (c) could provide entire routes requested by drivers (as opposed to only directions at intersections). Since Nav2Nav would operate without any support from the vehicle's monitoring system, Nav2Nav is not confmed to use only in automobiles. Nav2Nav can just as easily be used by bicyclists on the roads. This permits Nav2Nav to be portable;
for example, a unit can be changed from car-to-car to car-to bike by the same owner. Map matching, a technique for "snapping" a vehicle's position to a road segment [12, 13] , will be employed in Nav2Nav to assist with high location accuracies. As all navigation units rely on a road-network database to conduct map matching, the underlying database that will provide information to the unit must be of high quality. The units also provide navigation capabilities to the driver; the attributes of origin, destination, intended route, and direction at the current intersection can be leveraged for additional information within Nav2Nav. Nav2Nav also takes into account the potential of the integrated Global Navigation Satellite System (iGNSS). Nav2Nav is expected to take advantage of the planned iGNSS which in addition to U.S.
GPS includes the EU's Galileo, Russia's GLONASS, and
China's Compass [14] .
One of the challenges in Nav2Nav is to acquire precise position information since almost all subsequent activities primarily rely on the position of the vehicle and nearby vehicles. Although hybrid sensors may improve the quality of a vehicle's estimated position [2] [3] [4] [5] ), reliance on iGNSS as the only positioning technology, mainly due to its global coverage, needs further research.
With a single GNSS, i.e., the US GPS, 4-10 meter accuracy in open-sky areas is achievable [6] [7] . However, problems usually occur when the GNSS receiver operates in obstructed areas, such as in urban canyons and under foliage, where large signal attenuation and degradation can worsen the receiver's performance. Moreover, in deep urban canyons, the receiver may observe such an inadequate number of visible satellites that no position estimation can be acquired.
However, iGNSS is expected to overcome such problems.
We believe that Nav2Nav transforms ITS to the next level of its evolution by integrating information already available in navigation systems and familiar tools for most drivers to assist in reducing collisions. In other words, Nav2Nav is a paradigm shift from "personal navigation" to "collaborative safety decision-making".
II. NAV2NAV MODEL

A. Interaction
Many crash situations are possible. Nmbr VhlLoc * VA headChoice*VB headChoice = TolalVhISilualions, where in our case Nmbr VhILoc = 6, VA headChoice = 3, and VB headChoice = 3. Table 1 summarizes our fmdings. As shown in Figure 3 , the fIrst step in the Nav2Nav model is for a vehicle approaching an intersection to start communicating with other vehicles approaching the same intersection. We consider three zones for the Nav2Nav model: the broad cast zone, the zone in which the vehicle needs to communicate with other vehicles; the computation and d ecision-making zone, the zone in which the Nav2Nav model makes decisions about whether to warn a driver; and the actuation zone, the zone in which the decision must be presented to the driver. In addition to common navigation information, in Nav2Nav, a map database containing information about the geometry and topology of intersections and speed limits on each road segment is also taken into account. and directions, it is determined that they have the potential to crash, Nav2Nav will request additional information from the other vehicle's Nav2Nav, such as an uncertainty value with respect to taking computed routes by that driver.
Computation and Decision Making Zone: Once the vehicle is within the computation and decision-making zone, the potential collision pattern will be analyzed and an appropriate warning message will be decided upon and provided to the driver.
Actuation Zone: In this zone, the appropriate message to the driver must be prepared and communicated to the driver.
Some reaction time should be reserved for the driver to respond to the warning information.
Initiating Broadcast Zone
Along each road segment, the broadcast zone is defined by a distance d b from the intersection. This distance can be determined by using static information (e.g., geometry and topology of the intersection and the speed limit on the road segment) or dynamic information (e.g., current speed of the car and its location). The broadcast zone should be: (a) far enough from the intersection to provide suffIcient time to exchange information (tb), to compute a decision (tc), and to provide drivers with sufficient reaction time (t.) and (b) within communication range dr of other vehicles that are likely to meet at the intersection.
The minimum distance, d p , from the intersection includes the traveling distance of the vehicle during the broadcast time tb, computation and decision-making time te, and the driver's response time dr. Using the speed of the vehicle, dp can be the broadcast zone can be computed as follows:
For example, in the situation represented in Figure 3 ct b = ct p . Since cf p > dr vehicle V A might not be able to communicate with some of the vehicles on the road segment L3 that will arrive at the intersection at the same time as vehicle VA.
III. NAV2NAV SIMULATION
The Nav2Nav model and protocol is currently being simulated in the Geoinformatics Laboratory at the university of Pittsburgh to identify various considerations about the decision-making process and protocol requirements.
A simulation also allows a degree of control that could not be achieved otherwise due to little cost of implementation as opposed to engineering actual units. Aspects of the simulation can be modified to test the abilities of Nav2Nav. Traffic volume and the allotted Nav2Nav process time are just two variables that can be adjusted in a simulation environment. The expectation is that the system will be able to accurately predict the possibility of a crash based on the information coming from other cars' Nav2Nav units.
Design and implementation of a new simulation environment would be time consuming, so existing simulation systems that deemed relevant were considered first. Microscopic Traffic Simulation Model (CORSIM) [8] , VisSim [9], and TransModeler [10] were examined. This allowed identification and examination of simulation aspects that might be important to develop in the Nav2Nav simulation environment. It was realized that an agent-based simulation would be most suitable for the Nav2Nav model. In the environments examined, a traffic controller fed cars into the environment and assured safe traffic flow, as their aim was more at discovery of network flow problems. Our focus is on realizing driver behavior to provide safer intersection crossings, so driver agents are required for a simulation to be meaningful.
The list of objects that we deem appropriate (see Table 2 ) for the simulation are: the Nav2Nav units, the cars, intersections, drivers, a large road network with many intersections, and iGNSS quality of service (iGNSS QoS). Each object will hold the information that it would use in a real-life implementation. The Nav2Nav unit will possess such information as the car's position, speed, bearing, and route. This information can then be broadcast to Nav2Nav units within other cars approaching the intersection so they can analyze the information and decide if a crash is imminent, and if so, can warn the driver. The car objects will hold the Nav2Nav unit object and the driver object. Driver objects will maintain a model of the driver. The goal is to be able to model drivers accurately with characteristics such as aggressive and passive, which would have a major impact on how they approach intersections when other cars are around. Aggressive drivers might speed up to try to make the light, while passive drivers may approach the intersection with more caution. While the driver and Nav2Nav objects are a part of the car object, each will still have different affects on the simulation. The Nav2Nav unit will be responsible for alerting the driver of an imminent collision and the driver will decide what to do with that information. The intersection objects will maintain the list of adjacent intersections, the type of intersection, and all of the objects on the intersection. An additional entity that will be modeled is iGNSS QoS to model future geopositioning technologies. IV. SIMULATION ENVIRONMENT The current Nav2Nav simulation environment is comprised of the model presented above one 4-way intersection. The Nav2Nav process is simulated for a set of cars on this one intersection. The entire simulation environment is developed as a multi-agent based model of how Nav2Nav would operate. The model was built similar to the work done in [11] . Several entities are simulated in this phase including cars, drivers, and Nav2Nav units. Each object instance is its own thread, allowing it to behave in real-time and autonomously from the overall simulation controller object. Java was used as the programming language mostly due to its multi-threading capabilities. The classes and interfaces used in the environment are shown in Figure 4 . and determines which other objects are within this field. The list of objects is conveyed back to the Driver object, which uses this information to carry out decision making based on the entities it "sees".
The Nav2NavCommunicationFeeder operates in a similar manner to the DriverVisionFeeder. Each Nav2NavUnit contains a circle which represents the area within which the unit is able to communicate with other devices. The
Nav2NavCommunicationFeeder object iterates through all Nav2NavUnit objects, obtains the zone that represents the unit's communicable range, and determines which other units would be able to send/receive over-the-air (OTA) messages with the unit. The list of communicable devices is passed in to each unit to provide the means of communication.
Car objects are used to represent vehicles on the road.
They have attributes such as bearing and speed which allow for movement of the Car through the simulated space. The Car object updates its position based on its current speed and bearing. The Car's body is represented by a simple rectangle.
Each Car object contains two sub-objects, a Driver and Nav2NavUnit.
Driver objects allow for simulation of driver behavior within the simulation environment. Driver objects are the only entities that are able to cause acceleration of Car objects. Each 
V. ANAL YSIS OF RESULTS
Initial simulation runs enabled us to refme the Nav2Nav model while analyzing its execution. This includes what information will be contained in the broadcast message that is sent out to communicable navigation units involved in the process, the derivation of the broadcast, decision making, and actuation zones, and how to present the important results from this process to a driver while still giving them enough time to process the information and act on it. The fIrst iteration has become a framework of the process to which more functionality will be added.
The broadcast message is integral to the success of the Nav2Nav process. The contents must contain enough information about the current car that other cars' Nav2Nav units can use them to adequately determine the possibility of the two cars colliding and help prevent an accident. The message components that were fIrst explored are outlined in Table 3 . The Navigation Device ID is the unique identifIer of the car within the ad-hoc network of vehicles that is created around each intersection. For the process to be as precise as possible, the ID must be unique, but as privacy concerns are also an issue, it must be anonymous as well. It was determined that one of the ways to generate a unique and anonymous ID would be to create an ID that is valid only for the specific rb � optima/Speed * process Time This total distance is then equally divided up between the three zones as outlined in Figure 6 .
Fig. 6. Derivation ofNav2Nav Zones
The intersection that was developed has an optimal speed of 20.11 meters/second. Using this information with the assumed process time of 15 seconds, the radius of the broadcast zone is 30l.65 meters, rb. When a car is 30l.65 meters away from the intersection in this situation, the Nav2Nav process will begin. Each zone makes up 100.55 meters of this total radius. For future simulation runs, this will be modified to give the actuation zone more area, while the portion of rb dedicated to the decision making zone will be significantly decreased. Once the car enters the actuation zone, all of the information pertaining to potential collision situations will be aggregated together and will be passed to the driver through the navigation unit. What the format of the message should be needs further research. Currently the navigation unit object will pass a message to the driver object that contains the number of vehicles to be aware of and for each one, which direction they are coming from as well.
VI. CONCLUSION AND FUTURE RESEARCH
Nav2Nav could have a huge benefit for the safety of drivers. It would catch details that drivers might miss with their own eyes. This becomes especially helpful in situations involving low visibility (e.g., fog) and at confusing intersections (e.g., 5-way and 6-way intersections). Obtaining information from other cars' Nav2Nav units also makes it possible to learn other drivers' intentions. Knowing the routes, something inherent to personal navigation devices, allows the Nav2Nav unit to decide if a collision is imminent with no augmentation to the car's onboard systems or roadside infrastructure.
For Nav2Nav to be practically implemented, the process would have to be standardized in order for all personal navigation device manufacturers to implement the process in their devices. This would ensure that all devices' wireless communication radios have a minimum acceptable range, as well as that the navigation information communicated is in a standard format, such as GML.
Future work will involve implementing a large-scale simulation to be run on a grid computing environment with each CPU representing an intersection, one instance of the intersection collision avoidance problem. By dedicating one CPU to each intersection, a large number of cars and Nav2Nav units can be simulated on each intersection without losing performance. To simulate topology, each CPU will receive a list ofCPUs (intersections) that it connects to, thus modeling a road network. When a car object leaves the broadcast zone of the intersection that it is on, the car and the objects it contains will be transferred to the adjacent intersection of that segment for processing. Many different types of intersections will be examined to cover as many scenarios as possible. Modular design of the simulated entities will allow the simulation to be run multiple times with different variables such as traffic volume, with/without Nav2Nav units, different road network layouts, and driver behavior.
Simulating a network of intersections will be crucial to test the effectiveness of the Nav2Nav process. Several situations are in need of examination. First, while we focus on one intersection as one instance of the collision avoidance problem, the network of intersections that exists in a road network renders them not mutually exclusive. Since cars travel between them, the traffic flow between them will test the effectiveness of the Nav2Nav process and help us identify scalability issues as we test. Second, the radius of the broadcast zone may cover two intersections at the same time.
This would almost certainly be true in network-dense, urban
environments. This could cause some interesting problems with the decision making process.
